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(57) ABSTRACT 

Provided are a multi-scale cantilever structure having nano 

siZed holes prepared by anodic oxidation and a method of 
preparing the same. The multi-scale cantilever structure is 
prepared using anodic oxidation and electro-polishing so that 
a manufacturing process is simple and a manufacturing cost is 
inexpensive. In addition, the multi-scale cantilever structure 
has a porous structure having a plurality of nano-siZed holes 
inside thereof, and thus a surface area of the cantilever struc 

ture can be maximized. Therefore, When the cantilever struc 
ture is used in a sensor, the sensor can have improved sensi 
tivity and selectivity. 

15 Claims, 9 Drawing Sheets 
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MULTI-SCALE CANTILEVER STRUCTURES 
HAVING NANO SIZED HOLES AND METHOD 

OF PREPARING THE SAME 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

This application is a divisional of application Ser. No. 
11/553,283, ?led Oct. 26, 2006, Which claims the bene?t of 
Korean Patent Application No. 10-2005-0101748, ?led on 
Oct. 27, 2005, in the Korean Intellectual Property Of?ce, the 
disclosure of Which is incorporated herein in its entirety by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a cantilever structure hav 

ing nano-siZed holes and a method of preparing the same, and 
more particularly, to a porous multi-scale cantilever structure 
having nano-siZed holes prepared using anodic oxidation and 
electro-polishing and a method of preparing the same. 

2. Description of the Related Art 
A Conventional system of electrically or optically detect 

ing micro-particles is quartz crystal mass balance (QCM). 
HoWever, a quartz single crystal of QCM is so fragile that 
QCM cannot be made to become small and thin and is not 
suitable for mass-production. 

HoWever, small-siZed sensors based on a micro electro 
mechanical system (MEMS) in Which electric and mechani 
cal components are recently united to be microminiaturiZed 
draW people’s attention since the sensors response quickly, 
have high sensitivity, and are suitable for mass-production. 

The MEMS enables the microminiaturiZed products to be 
mass-produced at a loW cost by applying a microelectronics 
fabrication in Which processes such as deposition, etching, 
etc. are repeatedly performed. In addition, the MEMS uses a 
driving force such as coulombic force that is a force betWeen 
charged particles, a magnetic force, a force by a thermal 
expansion difference, etc., and the microminiaturiZed prod 
ucts signi?cantly reduce their poWer consumption because of 
their small siZe. Therefore, the importance of the MEMS is 
highlighted along With nanotechnique and system on chip 
(SOC) technique. 

In recent days, to detect a physical phenomenon or a 
chemical reaction, many studies in developing sensors based 
on MEMS processed cantilevers have been conducted. 

FIGS. 1A through 10 are How charts illustrating a method 
of preparing such a conventional cantilever structure. First, in 
FIG. 1A, a sacri?cial layer 2 is formed on a substrate 1, and 
then a pattern is formed on the sacri?cial layer 2 using a mask. 
In FIG. 1B, a material to become a cantilever 3 is deposited on 
the sacri?cial layer 2, and then a pattern of the material to 
become a cantilever 3 is formed using another mask. Subse 
quently, When the sacri?cial layer 2 is removed, a conven 
tional cantilever structure as in FIG. 1C is formed. 

Sensors using a cantilever under study measure static 
de?ection of the cantilever according to mass change, etc. by 
absorbing heat or gases using a light source such as laser. 
HoWever, in the case of a conventional sensor using a light 
source such as laser, the sensor has to have a light source so 
that decreasing a siZe of the sensor is limited. 

Besides the method of sensing by static de?ection by laser, 
there is a method of sensing using a change in resonance 
frequency. Thundat, et al of Oak Ridge National Lab con 
?rmed in Applied Physics Letters 80, 2219-2221 (2002) that 
a spring constant change by Na+ ion absorption on a surface 
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2 
of a micro cantilever due to resonance frequency measure 
ment could be measured. In addition, researchers in IBM 
SWiss Zurich laboratory reported that the sensing method by 
resonance frequency measurement could be used for sensing 
a predetermined gas of air. 

HoWever, all the methods described above use a reaction on 
a surface of the cantilever. Therefore, in order to obtain high 
sensitivity even at loW driving voltage, it is desired that the 
cantilever has a larger surface area. HoWever, there Was a limit 
on increasing a surface area in a cantilever structure having a 
constant siZe. In addition, there is a method of increasing a 
surface area of a cantilever structure by preparing nanoholes 
using a lithography method that uses electron beam 
(E-beam), scanning tunneling microscope (STM), etc. on a 
surface of the cantilever structure. HoWever, When the method 
is used, a manufacturing cost is high, a manufacturing process 
is complicated, and productivity is very limited. 

SUMMARY OF THE INVENTION 

The present invention provides a multi-scale cantilever 
structure having nano-siZed holes prepared using anodic oxi 
dation and electro-polishing. 
The present invention also provides a method of preparing 

the multi-scale cantilever structure having nano-siZed holes. 
The objective of the present invention can be all achieved 

by con?guration of the present invention that Will be 
described beloW. 

According to an aspect of the present invention, there is 
provided a multi-scale cantilever structure comprising: a ?rst 
layer comprising an aluminum substrate that comprises a ?rst 
region having a height t1 and a second region having a height 
t2 that is greater than t1; a second layer that is formed on the 
?rst layer, comprising a cantilever that is composed of alu 
mina, Wherein the cantilever comprises a main body con 
nected to the second region and a protruding part that pro 
trudes toWards the ?rst region from the main body and is 
separated from a surface of the ?rst region; a third layer that 
is formed on the second layer, comprising a metal thin ?lm 
layer; and a fourth layer formed on the third layer. 

According to another aspect of the present invention, there 
is provided a multi-scale cantilever structure comprising: a 
?rst layer comprising an aluminum substrate that comprises a 
?rst region having a height t1 and a second region having a 
height t2 that is greater than t1; and a second layer that is 
formed on the ?rst layer, comprising a cantilever that is com 
posed of alumina, Wherein the cantilever comprises a main 
body connected to a second region of the aluminum substrate, 
a protruding part that protrudes toWards the ?rst region from 
the main body and is separated from a surface of the ?rst 
region, and nano-siZed holes that are exposed toWards the 
outside. 

According to another aspect of the present invention, there 
is provided a method of preparing a multi-scale cantilever 
structure comprising: forming an alumina layer having a plu 
rality of nano-siZed holes by anodic oxidiZing an aluminum 
substrate; forming a ?rst structure by sequentially depositing 
a metal thin ?lm layer and a photoresist layer on the alumina 
layer; forming a photoresist layer pattern having a convex 
cross section by arranging a mask having a pattern of a convex 
cross section on the ?rst structure and then exposing the 
photoresist layer to light and developing the photoresist layer; 
forming a metal thin ?lm layer pattern having a convex cross 
section by Wet etching the metal thin ?lm layer using the 
photoresist layer pattern as a mask and a metal etching solu 
tion to remove the metal thin ?lm layer on a region that is not 
covered by the pattern; forming a second structure having a 
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convex cross section by Wet etching the alumina layer using 
the metal thin ?lm layer pattern as a mask and an alumina 
etching solution to remove the alumina layer that is not cov 
ered by the metal thin ?lm layer pattern; and forming a can 
tilever separated from a surface of the ?rst region of the 
aluminum substrate by electro-polishing the aluminum sub 
strate to remove, by a surface reaction, a top portion of the 
aluminum substrate in the ?rst region Which is not covered by 
the second structure. 

The term “multi-scale” used in the present invention rep 
resents that the cantilever structure according to the present 
invention has a multi-layered structure. 

In a multi-scale cantilever structure and a method of pre 
paring the same according to the present invention, nano 
siZed holes are formed Within the cantilever structure using 
alumina prepared by anodic oxidation. Unlike a conventional 
method such as electron-beam lithography, the method 
according to the present invention does not require a compli 
cated and expensive process. In addition, the cantilever struc 
ture includes nano-siZed holes so that a surface area of the 
cantilever structure can be signi?cantly increased. When the 
cantilever structure is used in a sensor, the sensor can have 
improved sensitivity and selectivity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present 
invention Will become more apparent by describing in detail 
exemplary embodiments thereof With reference to the 
attached draWings in Which: 

FIGS. 1A through 1C are How charts illustrating a method 
of preparing a conventional cantilever structure; 

FIG. 2 is a perspective vieW illustrating a multi-scale can 
tilever structure according to an embodiment of the present 
invention; 

FIG. 3 is a cross-sectional vieW of a multi-scale cantilever 
structure taken along a line of 10-10', according to an embodi 
ment of the present invention; 

FIGS. 4 through 6 are cross-sectional vieWs of multi-scale 
cantilever structures taken along a line of 10-10', according to 
embodiments of the present invention; 

FIGS. 7A through 7F are How charts illustrating a method 
of preparing a multi-scale cantilever structure according to an 
embodiment of the present invention; and 

FIG. 8 is a SEM image of a multi-scale cantilever structure 
prepared according to an embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, a multi-scale cantilever structure according to 
an embodiment of the present invention and a method of 
preparing the same Will be described in detail With reference 
to the accompanying draWings. 

FIG. 2 is a perspective vieW illustrating a multi-scale can 
tilever structure according to an embodiment of the present 
invention, and FIG. 3 is a cross-sectional vieW of a multi-scale 
cantilever structure taken along a line of 10-10', according to 
an embodiment of the present invention. 

Referring to FIGS. 2 and 3, a multi-scale cantilever struc 
ture according to an embodiment of the present invention 
comprises: a ?rst layer 110 comprising an aluminum sub 
strate that comprises a ?rst region having a height t1 and a 
second region having a height t2 that is greater than t1; a 
second layer 120 that is formed on the ?rst layer, comprising 
a cantilever that is composed of alumina, Wherein the canti 
lever comprises a main body connected to the second region 
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4 
and a protruding part that protrudes toWards the ?rst region 
from the main body and is separated from a surface of the ?rst 
region; a third layer 130 that is formed on the second layer, 
comprising a metal thin ?lm layer; and a fourth layer 140 
formed on the third layer. 

In the multi-scale cantilever structure according to the cur 
rent embodiment of the present invention, it is desirable that 
the fourth layer 140 is a photoresist layer in order to be easily 
converted to another structure by etching. 

In addition, in the multi-scale cantilever structure, the 
fourth layer can be a nanobead layer, a cavitand receptor 
layer, a thin polymeric ?lm layer, a metal oxide thin ?lm layer, 
an organism receptor layer or a self-assembly monolayer 
(SAM). In the multi-scale cantilever structure that uses the 
materials as the fourth layer, the cantilever can have improved 
response speed and selectivity. 

In the current embodiment, the cantilever 120 is composed 
of alumina, and nano-siZed holes that are integrated in a high 
density are formed inside of the cantilever 120. A diameter 
120C of the nano-siZed hole formed in the cantilever 120, a 
distance 120D betWeen the nano-siZed holes and the number 
of the nano-siZed holes per unit area can be easily adjusted by 
a kind of electrolyte, a temperature of electrolyte, applied 
voltage, etc in a process of anodic oxidation. In addition, a 
thickness of the cantilever 120 can be controlled by time in 
Which voltage is applied, etc. in a process of anodic oxidation. 

FIG. 4 is a cross-sectional vieW of a multi-scale cantilever 
structure according to another embodiment of the present 
invention. 

Referring to FIG. 4, the multi-scale cantilever structure 
according to the current embodiment of the present invention 
is a cantilever composed of a ?rst region having a height t1 
and alumina formed on the aluminum substrate, and com 
prises a main body connected to a second region of the alu 
minum substrate, a protruding part that protrudes toWards the 
?rst region from the main body and is separated from a 
surface of the ?rst region, and a second layer With a plurality 
of nano-siZed holes that are exposed toWards the outside. 
The multi-scale cantilever structure according to another 

embodiment of the present invention illustrated in FIG. 4 does 
not include the metal thin ?lm layer and the fourth layer of the 
multi-scale cantilever structure according to an embodiment 
of the present invention illustrated in FIG. 3. 
The metal thin ?lm layer 130 formed on the cantilever 120 

and the fourth layer 140 formed on the metal thin ?lm layer 
130 protect the cantilever 120 When a height difference 
betWeen t1 and t2 is formed in the aluminum substrate 110 
through electro-polishing. Therefore, in general, When the 
metal thin ?lm layer 130 and the fourth layer 140 are 
removed, it is preferable that the metal thin ?lm layer 13 0 and 
the fourth layer 140 are lastly removed in order to minimiZe 
damage applied to the cantilever 120. 

In the current embodiment of the present invention, When 
the metal thin ?lm layer 130 is removed after the cantilever 
120 is formed, the cantilever 120 may be damaged. So in 
order to minimiZe damage of the cantilever 120 in the process 
of removing the metal thin ?lm layer, an alumina layer is 
etched in the process of preparing the second structure and 
then the fourth layer 140 is removed using an organic solvent 
such as acetone. Then, Wet etching is performed to remove the 
metal thin ?lm layer 130 in advance. Thereafter, electro 
polishing is performed to form the cantilever 120 of Which 
nano-siZed holes are exposed. 

FIG. 5 is a cross-sectional vieW of a multi-scale cantilever 
structure according to an embodiment of the present inven 
tion. 
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Referring to FIG. 5, an aluminum substrate is anodic oxi 
diZed to form alumina, and then barrier 120B is made to 
become thinner through voltage drop, etc. Then, subsequent 
processes are performed to form a second structure, remove 
the fourth layer 140 and metal thin ?lm layer 130 and form a 
cantilever structure. Thereafter, the thinned barrier 120B is 
removed by Wet etching to form a multi-scale cantilever struc 
ture having a membrane structure as in FIG. 5. The multi 
scale cantilever structure having the membrane structure has 
a more increased surface area so that the cantilever can have 

more improved response speed and selectivity. 
FIG. 6 is a cross-sectional vieW of a multi-scale cantilever 

structure according to an embodiment of the present inven 
tion. 

Referring to FIG. 6, the multi-scale cantilever structure 
according to the current embodiment of the present invention 
can further include a predetermined material 150 that ?lls 
nano-siZed holes of the cantilever 120. The predetermined 
material can be metal, metal oxide, conductive polymer, a 
magnetic material, a pieZoelectric material, a ?uorescent 
material, a light emitting material, a carbon nanotube (CNT), 
nanoWire, DNA or a stem cell. In FIG. 6, the multi-scale 
cantilever structure from Which the metal thin ?lm layer 130 
and the fourth layer 140 are removed is illustrated. HoWever, 
nano-siZed holes of the multi-scale cantilever structure from 
Which the metal thin ?lm layer 130 and the fourth layer 140 
are not removed can be ?lled With the predetermined material 
150. 

In the current embodiment of the present invention, the 
nano-siZed holes formed Within the alumina generally have a 
Well-arranged hexagonal structure. HoWever, if another Well 
arranged structure besides the hexagonal structure is needed, 
the nano-siZed holes can have another shape such as round, 
triangle or rectangle. The nano-siZed holes having such 
another shape can be formed by making a dent in a desired 
shape using a nano indentor before anodic oxidation is per 
formed and then performing anodic oxidation to form alu 
m1na. 

FIGS. 7A through 7F are How charts illustrating a method 
of preparing a multi-scale cantilever structure according to an 
embodiment of the present invention. 

Referring to FIGS. 7A through 7F, a method of preparing 
the multi-scale cantilever structure according to the current 
embodiment of the present invention includes: forming an 
alumina layer having a plurality of nano-siZed holes by 
anodic oxidiZing an aluminum substrate; forming a ?rst struc 
ture by sequentially depositing a metal thin ?lm layer and a 
photoresist layer on the alumina layer; forming a photoresist 
layer pattern having a convex cross section by arranging a 
mask having a pattern of a convex cross section on the ?rst 
structure and then exposing the photoresist layer to light and 
developing the photoresist layer; forming a metal thin ?lm 
layer pattern having a convex cross section by Wet etching the 
metal thin ?lm layer using the photoresist layer pattern as a 
mask and a metal etching solution to remove the metal thin 
?lm layer on a region that is not covered by the pattern; 
forming a second structure having a convex cross section by 
Wet etching the alumina layer using the metal thin ?lm layer 
pattern as a mask and an alumina etching solution to remove 
the alumina layer that is not covered by the metal thin ?lm 
layer pattern; and forming a cantilever separated from a sur 
face of the ?rst region of the aluminum substrate by electro 
polishing the aluminum substrate to remove, by a surface 
reaction, a top portion of the aluminum substrate in the ?rst 
region Which is not covered by the second structure. 
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6 
Hereinafter, a method of preparing the multi-scale cantile 

ver structure Will be described in great detail With reference to 
FIGS. 7A through 7F. 

First, FIG. 7A illustrates a method of forming an alumina 
layer 120 having a plurality of nano-sized holes 120A by 
anodic oxidiZing an aluminum substrate 110. Here, a method 
of preparing the alumina layer 120 by anodic oxidation and a 
method of preparing nano-siZed holes in the alumina layer 
Will be described in more detail. First, electro-polishing is 
performed to remove roughness of a surface of the aluminum 
substrate 110. Then, the aluminum substrate 110 is set as an 
anode in an aqueous electrolyte solution of a phosphoric acid, 
an oxalic acid, a sulfuric acid, a sulfonic acid or a chromic 
acid, and then about l-200 V direct voltage is applied to the 
anode to convert the aluminum substrate 110 to an alumina 
layer 120 including holes having a nano-siZed diameter. A 
degree at Which the aluminum substrate is converted to the 
alumina layer is proportional to time of anodic oxidation. For 
example, When anodic oxidation is performed under condi 
tions of a reaction temperature of 15° C., a voltage of 40V, and 
0.3 M of an aqueous oxalic acid solution, the aluminum 
substrate is converted to the alumina layer by a thickness of 
about 1 um per 10 minutes. 
The nano-siZed holes that are formed on the alumina layer 

120 by anodic oxidation can have a hexagonal shape. In 
addition, the nano-sized holes having such a round, triangu 
lar, rectangular shape, etc. can be formed by making a dent in 
a desired shape using a nano indentor before anodic oxidation 
is performed and then performing anodic oxidation to form 
alumina. 
A diameter 120C of the nano-siZed hole, a distance 120D 

betWeen the nano-sized holes and the number of the nano 
siZed holes per unit area can be easily adjusted by applied 
voltage, a kind of electrolyte, a concentration of electrolyte, a 
temperature of electrolyte, etc in a process of anodic oxida 
tion. For example, When anodic oxidation is performed under 
conditions of a voltage of 25 V, a reaction temperature of 10° 
C., and 0.3 M of an aqueous sulfuric acid solution, the formed 
nano-siZed hole has a diameter 121C of about 20 nm, and a 
distance 120D betWeen nano-siZed holes is about 60 nm. 
When anodic oxidation is performed under conditions of a 
voltage of 40V, a reaction temperature of 15° C., and 0.3 M of 
an aqueous oxalic acid solution, the formed nano-sized hole 
has a diameter 120C of about 40 nm, and a distance 120 D 
betWeen nano-siZed holes is about 100 nm. When anodic 
oxidation is performed under conditions of a voltage of 160V, 
a reaction temperature of 0° C., and 0.3 M of an aqueous 
phosphoric acid solution, the formed nano-siZed hole has a 
diameter 120C of about 100 nm, and a distance 120 D 
betWeen nano-siZed holes is about 450 nm. The number of the 
nano-siZed holes formed per unit area can be generally about 
l08~l0ll numbers/cm2, and the number depends on applied 
voltage. A diameter 120C of the nano-siZed hole that can be 
formed by anodic oxidation is about 4-300 nm. The diameter 
120C of the nano-siZed hole can be controlled by a chemical 
post-treatment using a phosphoric acid, sodium hydroxide or 
the like Without a change in the number of nano-siZed holes 
formed per unit area. 

FIG. 7B illustrates a method of forming a ?rst structure by 
sequentially depositing a metal thin ?lm layer and a photore 
sist layer on the alumina layer. Here, the term “?rst structure” 
denotes a four-layered structure in a process before etching is 
performed. 

Referring to 7B, the metal thin ?lm layer 130 is deposited 
on the alumina layer 120 that is formed by anodic oxidation 
using sputtering or electron beam deposition, and then the 
photoresist layer 140 is formed on the deposited metal thin 
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?lm layer 130 using spin coating. Here, it is desirable that the 
metal thin ?lm layer is an aluminum thin ?lm layer. 

FIG. 7C illustrates a method of forming a photoresist layer 
having a pattern of the convex cross section by arranging a 
mask having a pattern of a convex cross section on the ?rst 
structure and then exposing the mask to light and developing 
the mask. 

Referring to FIG. 7C, ?rst, a mask 160 having the convex 
pattern is mounted on the photoresist layer 140, and then the 
photoresist layer 140 is exposed to light to etch a portion of 
the photoresist layer Which is not covered by the mask. Then, 
When the mask is removed, the photoresist layer 140 having a 
pattern of a convex cross section canbe developed as FIG. 7B. 
In FIG. 7C, a right draWing illustrates a cross-sectional vieW 
of a structure after the photoresist layer is etched and the mask 
is removed, and a beloW draWing illustrates a plane vieW of a 
structure of When the mask is deposited on the photoresist 
layer 140 before the photoresist layer 140 is etched. As can be 
seen in the beloW draWing of FIG. 7C, When the etching of the 
photoresist layer and removal of the mask are terminated, the 
photoresist layer 140 having a pattern of a convex cross 
section is formed on the top portion. 

FIG. 7D illustrates a method of forming a metal thin ?lm 
layer having a pattern of a convex cross section by Wet etching 
the metal thin ?lm layer using the photoresist layer pattern as 
a mask and a metal etching solution to remove a portion of the 
metal thin ?lm layer that is not covered by the photoresist 
layer pattern. 

Referring to FIG. 7D, an outside portion of the pattern of 
the photoresist layer 140 having a convex shape is etched by 
applying an etching solution that can etch metal on a structure 
including the photoresist layer pattern. In the current embodi 
ment of the present invention, When the metal thin ?lm layer 
is an aluminum thin ?lm layer, it is desirable that the etching 
solution is an aluminum etching solution. For example, a 
solution comprising H3PO4, H2O, CH3COOH and HNO3 in a 
mass ratio of 16:2:1 :l canbe used as the etching solution. The 
aluminum thin ?lm layer etching can be performed by 
immersing the structure according to the current embodiment 
of the present invention into the etching solution at a room 
temperature, stirring the immersed structure for tWenty min 
utes to remove the aluminum layer 130, and transferring the 
pattern developed on the photoresist layer 140 to the alumi 
num layer. HoWever, the aluminum etching solution can also 
etch the alumina layer 120. Therefore, When the structure is 
immersed in the aluminum etching solution for a long time, 
the alumina layer 120 that forms a cantilever is also etched so 
that a cantilever With a desired shape cannot be formed. 
Accordingly, the structure has to be immersed in the etching 
solution for a predetermined time. 

FIG. 7E illustrates a method of forming a second structure 
having a convex cross section by Wet etching the alumina 
layer using the metal thin ?lm layer pattern as a mask and an 
alumina etching solution to remove a portion of the alumina 
layer that is not covered by the metal thin ?lm layer pattern. 

Referring to FIG. 7E, Wet etching is performed using the 
metal thin ?lm layer 130 formed in FIG. 7D as a mask and an 
alumina etching solution. The alumina etching solution used 
in the current embodiment of the present invention is 5 Weight 
% of a H3PO4 solution and can be used at a room temperature. 
The alumina layer 120 is immersed into the solution and 
stirred to be etched. As a result, a second structure having a 
convex shape is formed. At this time, a stirring time is deter 
mined by a thickness of the alumina layer 120. Here, the 
‘second structure’ is a four-layered structure in a process 
before the aluminum substrate is etched by electro-polishing, 
and denotes a structure having a convex shape. 
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8 
The method of preparing the multi-scale cantilever struc 

ture having nano-siZed holes according to an embodiment of 
the present invention can further comprise exposing nano 
siZed holes of the cantilever 120 toWards the outside. The 
nano-siZed holes of the cantilever 120 is exposed toWards the 
outside by removing the photoresist layer 140 using an 
organic solvent such as acetone after the second structure 
having a convex shape is formed, and removing the metal thin 
?lm layer 130 by Wet etching. 

FIG. 7F illustrates a method of forming a cantilever sepa 
rated from a surface of the ?rst region of the aluminum 
substrate by electro-polishing the aluminum substrate to 
remove a top portion of the aluminum substrate on the ?rst 
region Which is not covered by the second structure by a 
surface reaction. 

Referring to FIG. 7F, aluminum in the ?rst region Which is 
disposed beloW the alumina layer 120 of the second structure 
is removed by electro-polishing to complete a structure hav 
ing a cantilever of Which one end is separated from the ?rst 
region of the aluminum substrate. When electro-polishing is 
performed using an etching solution that can etch both alu 
minum and alumina, a cantilever structure having a desired 
shape cannot be formed. Therefore, it is desirable that an 
etching solution that can selectively etch only aluminum is 
used. In the current embodiment of the present invention, it is 
desirable that the aluminum etching solution is a solution 
comprising perchloric acid and ethanol in a volume ratio of 
1:4, and electro-polishing can be performed using the alumi 
num etching solution at 50 C. and a voltage of 20 V. Here, the 
‘electro-polishing’ is to etch the aluminum substrate by 
immersing the ?rst region of the aluminum substrate into the 
aluminum etching solution, and then applying positive volt 
age to the aluminum substrate and applying negative voltage 
to platinum or a carbon electrode so that aluminum metal ions 
are ioniZed from the aluminum substrate. An electro-polish 
ing time depends on a required Width of the cantilever. 

To form a cantilever having a membrane structure after the 
cantilever is formed according to the method of the present 
invention, a method of removing the photoresist layer 140 and 
the metal thin ?lm layer 130 can be further included after the 
second structure having a convex cross section is formed. In 
addition, a method of removing a barrier layer can be further 
included by Wet etching a loWer portion of the alumina after 
the cantilever is formed. 

In the current embodiment, the cantilever 120 having a 
multi-scale cantilever structure formed by the above process 
includes nano-siZed holes that are integrated in a high density 
inside of the cantilever 120. 

In addition, the method of preparing the multi-scale canti 
lever structure can further include removing the photoresist 
layer 140 after the cantilever is formed and forming a nano 
bead layer, a cavitand receptor layer, a thin polymeric ?lm 
layer, a metal oxide thin ?lm layer, an organism receptor layer 
or a self-assembly monolayer (SAM) on the metal thin ?lm 
layer 130. The multi-scale cantilever structure including the 
material layer formed by the above process can have more 
improved response speed or selectivity. 

In addition, in the current embodiment of the present inven 
tion, When a method of forming and removing the metal thin 
?lm layer 130 and the photoresist layer 140 after the nano 
siZed holes Within the alumina are ?lled With the predeter 
mined material 150 is repeatedly performed after the alumi 
num substrate is formed, a cantilever structure including the 
predetermined material Within the nano-siZed holes can be 
prepared. Here, the predetermined material can be metal, 
metal oxide, conductive polymer, a magnetic material, a 
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piezoelectric material, a ?uorescent material, a light emitting 
material, a carbon nanotube (CNT), nanoWire, DNA or a stem 
cell. 

FIG. 8 is a SEM image of a multi-scale cantilever structure 
prepared according to an embodiment of the present inven 
tion. As can be seen in FIG. 8, the prepared cantilever struc 
ture includes a cantilever of Which one end is separated from 
a surface of the aluminum substrate, since the aluminum 
substrate that is disposed beloW the cantilever is removed. 
The multi-scale cantilever structure according to the 

present invention has a plurality of nano-siZed holes Within 
alumina prepared by anodic oxidation. Therefore, a compli 
cated and expensive process required for increasing a surface 
area as in the prior art is not required, and a surface area of the 
cantilever structure can be signi?cantly increased. 

Therefore, When the multi-scale cantilever structure 
according to the present invention and the method of prepar 
ing the same are used, a precise sensor of Which sensitivity 
and selectivity are improved can be simply obtained. 

While the present invention has been particularly shoWn 
and described With reference to exemplary embodiments 
thereof, it Will be understood by those of ordinary skill in the 
art that various changes in form and details may be made 
therein Without departing from the spirit and scope of the 
present invention as de?ned by the folloWing claims. 
What is claimed is: 
1. A method of preparing a multi-scale cantilever structure, 

comprising: 
forming an alumina layer having a plurality of nano-siZed 

holes by anodic oxidiZing an aluminum substrate; 
forming a ?rst structure by sequentially depositing a metal 

thin ?lm layer and a photoresist layer on the alumina 
layer; 

forming a photoresist layer pattern having a convex cross 
section by arranging a mask having a pattern of a convex 
cross section on the ?rst structure and then exposing the 
photoresist layer to light and developing the photoresist 
layer; 

forming a metal thin ?lm layer pattern having a convex 
cross section by Wet etching the metal thin ?lm layer 
using the photoresist layer pattern as a mask and a metal 
etching solution to remove the metal thin ?lm layer on a 
region that is not covered by the pattern; 

forming a second structure having a convex cross section 
by Wet etching the alumina layer using the metal thin 
?lm layer pattern as a mask and an alumina etching 
solution to remove the alumina layer that is not covered 
by the metal thin ?lm layer pattern; and 

forming a cantilever separated from a surface of the ?rst 
region of the aluminum substrate by electro-polishing 
the aluminum substrate to remove, by a surface reaction, 
a top portion of the aluminum substrate in the ?rst region 
Which is not covered by the second structure. 

2. The method of preparing the multi-scale cantilever struc 
ture of claim 1, Wherein an electrolyte used in the anodic 
oxidation process is an aqueous electrolyte solution of a phos 
phoric acid, an oxalic acid, a sulfuric acid, a sulfonic acid or 
a chromic acid. 
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3. The method of preparing the multi-scale cantilever struc 

ture of claim 1, Wherein the cantilever is a porous structure 
comprising nano-siZed holes. 

4. The method of preparing the multi-scale cantilever struc 
ture of claim 3, Wherein the nano-siZed holes have a hexago 
nal cross section. 

5. The method of preparing the multi-scale cantilever struc 
ture of claim 3, Wherein the nano-siZed holes have a round, 
triangular or rectangular cross section. 

6. The method of preparing the multi-scale cantilever struc 
ture of claim 1, further comprising removing the photoresist 
layer and forming a nanobead layer, a cavitand receptor layer, 
a thin polymeric ?lm layer, a metal oxide thin ?lm layer, an 
organism receptor layer or a self-as sembly monolayer (SAM) 
on the metal thin ?lm layer, after the cantilever is formed. 

7. The method of preparing the multi-scale cantilever struc 
ture of claim 1, further comprising ?lling the nano-siZed holes 
With a predetermined material, after the alumina layer is 
formed. 

8. The method of preparing the multi-scale cantilever struc 
ture of claim 7, Wherein the predetermined material is metal, 
metal oxide, conductive polymer, a magnetic material, a 
pieZoelectric material, a ?uorescent material, a light emitting 
material, a carbon nanotube (CNT), nanoWire, DNA or a stem 
cell. 

9. The method of preparing the multi-scale cantilever struc 
ture of claim 1, Wherein the metal thin ?lm layer is an alumi 
num thin ?lm layer. 

10. The method of preparing the multi-scale cantilever 
structure of claim 1, Wherein the metal etching solution is an 
aluminum etching solution. 

11. The method of preparing the multi-scale cantilever 
structure of claim 10, Wherein the aluminum etching solution 
is a solution comprising H3PO4, H2O, CH3COOH and HNO3 
in a mass ratio of l6:2:l:l. 

12. The method of preparing the multi-scale cantilever 
structure of claim 1, Wherein the alumina etching solution is 
5 Weight % ofa H3PO4 solution. 

13. The method of preparing the multi-scale cantilever 
structure of claim 1, further comprising exposing nano-siZed 
holes of the cantilever by removing the photoresist layer 
using an organic solvent, and performing Wet etching to 
remove the metal thin ?lm layer after the second structure 
having a convex cross section is formed. 

14. The method of preparing the multi-scale cantilever 
structure of claim 1, Wherein an aluminum etching solution 
used in the electro-polishing is a solution comprising a per 
chloric acid and ethanol in a volume ratio of 1:4. 

15. The method of preparing the multi-scale cantilever 
structure of claim 1, further comprising removing the photo 
resist layer and the metal thin ?lm layer after the second 
structure having a convex cross section is formed, and remov 
ing a barrier layer disposed on a loWer portion of the alumina 
using Wet etching after the cantilever is formed to thus form a 
cantilever having a membrane structure. 


